INTRODUCTION
Vitamin K antagonist treatment (VKA) is effective for the prevention and treatment of venous thromboembolic diseases (VTE). Notably, VKA allows an 80% risk reduction in the recurrence of thromboembolic events 1, 2 . Therefore, according to guidelines, idiopathic or recurrent VTE needs to be indefinitely treated with oral anticoagulant 3 . In contrast, the major hemorrhagic complication rate has been estimated as high as 5% per 100 treated patientyears, especially during the first three months of treatment [4] [5] [6] . This hemorrhagic risk is partially due to the difficulty for both the practitioner and the patient to manage oral anticoagulation.
To answer such health problems, several strategies intended to reduce dosing and/or monitoring errors have been developed. Among these approaches, anticoagulation clinics were an early model for care. In these structures, patients benefit from anticoagulation monitoring and subsequent dose adjustment, especially the use of specific dosing nomograms. Using this approach, patients were within target range about 63.5% of the time 7 . In terms of INR monitoring, oral anticoagulation self-management has also been described as effective and as safe as management by a specialist anticoagulation clinic, with greater patient-satisfaction [8] [9] [10] [11] . Recently, an education and support program for general practitioners was shown to improve the quality of oral anticoagulation management with regards to the amount of time patients were within 0.5 INR of the target range 12 . Furthermore, the effects of insufficient understanding of VKA treatment by the patient has already been described 13 . Moreover, insufficient patient education in oral anticoagulation treatment has been related to poorly controlled anticoagulation 2, 14 . In particular this deficit has been shown to be the major factor predictive of bleeding in the elderly 15 .
To improve patient education for VKA, we previously described a tailored education intervention 16 . In this study, we evaluate the effect of this patient education program in reducing VKA-related adverse event rates.
METHODS

Study Design
Educ'AVK (Educational program for VKA) was a prospective, multicenter open randomized study, comparing an interventional group who received a specific education program to a control group who received standard care alone. To avoid contamination between the groups 17 , we carried out a clusterrandomized study at 15 private practices and 26 hospital departments. As the intervention was dispensed to patients by physicians in private practice and hospital nurses or pharmacists, the unit of randomization was the private practice in the outpatient setting and the hospital department in the hospital setting. Private practice physicians who agreed to participate were recruited among board-certified vascular medicine specialists working in the Grenoble area. Hospital departments were selected from surgical and medical acute care departments at Grenoble University Hospital, a 2200-bed teaching hospital, and at four general hospitals in the district. The Institutional Review Board at Grenoble University Hospital approved the study for both hospital and private practitioners, and all enrolled patients provided written informed consent. The family physicians of all patients were informed about the study, and were not blinded to control or interventional group status.
Patient Eligibility
Physicians at private practices and hospital departments recruited patients from January 2003 through December 2004. Eligible patients were older than 18 and diagnosed as having deep vein thrombosis or pulmonary embolism requiring therapy with a vitamin K antagonist for 3 months or more. Deep vein thrombosis was diagnosed with ultrasonography and categorized as proximal or isolated calf deep vein thrombosis. The diagnosis of pulmonary embolism was based on a high-probability ventilation-perfusion lung scan, a positive spiral computed tomographic scan, or angiography. We excluded patients who had formal contraindication to vitamin K antagonists, did not speak French, or had psychosocial conditions that were incompatible with enrollment, the education process, or follow-up.
Randomization and Study Interventions
Private practices and hospital departments were randomly assigned to the intervention or control group. Randomization was performed by our statistician using a computer-generated sequence with a one-to-one allocation ratio so as to obtain comparable groups of equal sample size. To help ensure comparability of the intervention and control group, randomization was stratified by type of facility (i.e., private practice versus hospital department), annual volume, and surgical versus medical specialty for hospital departments. Briefly, the tailored educational intervention, lasting 20 to 30 minutes, consisted in one-on-one teaching session (Appendix 1): Identification of the patient's needs (or educational diagnosis); definition of educational objectives adapted to the patient's cognitive level and behavior; choice of appropriate teaching contents and methods to reach the objectives 16 . Moreover, we used and gave the patient a picture book describing the disease and the treatment, and a specific guidance booklet summarizing the information dispensed in the educational program (Appendix 2). In the control group, private practice and hospital physicians provided patients with their usual unstructured information about vitamin K antagonist therapy and a standard booklet published by the French Heart Association.
All patients were advised to see their family physician after hospital discharge or following the ambulatory visit to a vascular medicine specialist. Family physicians managed maintenance dosing, the frequency of international normalized ratio (INR) monitoring, and management of non-therapeutic INR, autonomously. They were recommended to comply with current evidence-based guidelines on vitamin K antagonist therapy 9 .
Data Collection
Vascular medicine specialists at private practices and nurses in hospital departments collected data on demographics, index venous thromboembolism events, co-morbid conditions, socio-cultural levels (high school graduation grades) and prognostic factors including the Outpatient Bleeding Risk Index rating 18 . To further characterize thrombotic risk in the control and interventional groups, they also used a baseline thrombotic recurrence risk score based on idiopathic VTE (+1), recurrent VTE (+1) or cancer (+1). A score of one or more defined high thrombotic risk. Research nurses, who were blinded to the study group, conducted structured telephone interviews with the patients or their family 90 days after enrolment to identify episodes of bleeding and symptomatic recurrence of venous thromboembolism. Only episodes of bleeding that required hospital admission or an outpatient visit, with major bleeding as normally defined 19 ,
were recorded. Whenever an event was reported, its characteristics were summarized using a structured review chart.
No routine tests were performed to detect asymptomatic recurrence of venous thromboembolism. At the end of the 3-month follow up, the research nurses interviewed patients from both the groups and assessed their knowledge using a standardized 18-item questionnaire 16 addressing specific features of vitamin K antagonists, optimal therapeutic range, practical management of bleeding or non-therapeutic INR, and management of oral anticoagulation during dental procedures (Appendix 3).
Study Outcomes
Our primary outcome was the occurrence of hemorrhagic or thromboembolic events. All events were reviewed and classified by an adjudication committee whose members were blinded to the study group. Bleeding was defined as major if it was overt and associated with a decrease in hemoglobin level of at least 2 g/dL, needed transfusion of two or more units of red cells, or if it was intracranial or retroperitoneal. Any other episode of bleeding that required hospital admission or an outpatient visit was considered minor. Recurrent thromboembolic events had to be objectively confirmed by the same methods as the index events and located in segments of deep veins or pulmonary arteries that were not previously affected. Our secondary outcome was the number of correct answers to the standardized 18-item questionnaire (range 0 to 20).
Sample Size
Based on the findings of a pilot study 16 , we assumed a 13% rate of hemorrhagic or thromboembolic events in the control group versus 7% in the intervention group. Under these assumptions, we anticipated a power of 80% to detect a significant difference between the two groups (α =0.05) with a mean number of 20 patients enrolled per private practice or hospital department and an intracluster correlation of rho=0.05 17 .
Statistical Analysis
All patients were analyzed in the group to which they were allocated according to the intention-to-treat principle. Patients' baseline characteristics were compared using the χ 2 or Fisher exact tests for categorical variables and the Wilcoxon rank sum test for continuous variables. Although the unit of randomization was the private practice or hospital department, primary and secondary outcomes were measured at the patient-level and the unit of analysis was the patient. Wherever appropriate we report intracluster correlation coefficients 20 . We used two-level logistic regression to account for patient clustering within private practices and hospital departments. In multivariable analysis, we estimated the adjusted odds ratios (ORs) of the primary outcomes and their 95% confidence intervals (CI) to account for imbalances in patients' baseline characteristics. Independent variables entered into the model included study intervention arm, stratification variables, and patient characteristics (age, gender, hemorrhagic and thrombotic score, socio-cultural level, VTE characteristics).
We tested first-order interactions involving the study intervention arm to determine whether the effect of our intervention differed according to patient characteristics. P values were adjusted for intracluster correlation. Twosided P values of less than 0.05 were considered statistically significant. Analyses were performed using Stata version 9.0 (Stata Corporation, College Station, TX) and MLWin 2.0 (Institute of Education, London, UK).
RESULTS
Patient Population
A total of 302 patients, 135 women (46%) and 167 men (54%), aged 18-91 years (median, 62 years) were entered into the study between January 2002 and December 2004. One hundred and sixty patients enrolled in the hospital, and 142 in the specialist vascular medicine practices. The main characteristics of the patients are described in Table 1 . The two groups were comparable with regard to baseline clinical characteristics.
Efficacy Outcomes of the Educational Program
During the 3-month follow-up, 15 hemorrhagic incidents (5%), including two major bleeding events were recorded. Three (1.9%) hemorrhages occurred in the experimental group (1 major, and 2 non major) versus 12 (8.5%) in the control group (one major, and 11 non major), p=0.01.
During the same period, the incidence of VTE recurrence (n=7) was similar in the two groups, with n=2 (1.2%) in the experimental group, and n=5 (3.5%) in the control group respectively. Two cases of recurrent pulmonary embolism were observed in the control group.
One of the main outcome criteria was observed 20 times (6.6% of patients), with 5 (3.1%) in the experimental group and 15 (10.6%) in the control group. Consequently, in multivariate analysis, the cumulative risk reduction in the experimental group was statistically significant (OR 0.25, 95% CI 0.1 -0.7, p<0.01).
Although not statistically significant, the mean age was slightly lower in the educational intervention group. Therefore, we tested the efficacy of the educational program according age < or >65 y. The observed benefit was similar whatever the patient age. Similarly, the observed benefit was the same irrespective of whether patients were educated in hospital or in vascular medicine private practices, and whatever the sociocultural level was (data not shown)
Evaluation of the Patients' Knowledge
Patients' knowledge was assessed at 3 months using a standardized 18-item questionnaire and scored from 0 to 20.
The mean knowledge score was higher in the experimental group (13.9 + /−4.5) than in the control group (12.4 +/− 4.9) (p= 0.08). The knowledge score was also higher in younger patients (14.3 + /− 4.6 for patients under 70 years, versus 11.2 + /− 4.4 for the older patients, p<0.01). Also the score was related to the socio-cultural level (15.4 + /− 3.7 versus 11.5 + /− 4.5, p<0.01).
DISCUSSION
VKA treatment is effective for the prevention of venous thromboembolic events. However, the risk of therapy with oral anticoagulants is high because deviation from the target therapeutic range is an important cause of treatment failure, due to both recurrence of thromboembolism and hemorrhagic complications [1] [2] [3] [4] [5] [6] .
To improve both efficacy and safety of oral anticoagulant treatment, several strategies have been developed [7] [8] [9] [10] [11] [12] [13] , including educational intervention. However the exact impact of an oral anticoagulant treatment patient education program remains debatable. Several studies did not report any improvement in control of therapy 21, 22 , although another described an improvement in the quality of anticoagulation 23 .
However these studies only focused on a laboratory evaluation of The thrombotic risk was calculated by scoring idiopathic VTE (+1), recurrent VTE (+1) and cancer (+1) and defined as equal to or greater than 1 the intervention, such as the percentage of INR in the therapeutic range and/or the time spent within the therapeutic range. The major feature of our randomized trial was to test the impact of an educational program on clinical adverse event rates. Also, in this study, we demonstrated that our simple educational program gave patients better knowledge of oral anticoagulant treatment. In our trial, the incidence of thrombotic or hemorrhagic complications was close to that in previous data, but it is important to note that the incidence of adverse events was threefold lower in the educated group compared to the control group. This supports a significant and independent impact of our educational program on the reduction in risk of events (OR 0.25, 95% CI 0.1-0.7), whatever the patients' age or socio-cultural level. This is similar to the results of Beyth et al. 24 who developed a multicomponent program for VKA management based not only on education, but also on self monitoring of prothrombin time.
There are several limitations to our trial. First, although family physicians, who monitored VKA, were not specifically informed of the randomization arm, they were not blinded to control or interventional group status. Therefore we cannot exclude that physicians who were able to determine the allocation arm may have been more or less attentive to one or the other group of patients. However, if so, this might also be considered as a beneficial effect of the intensive educational program. Second, we did not control the efficacy of the educational program on the INR-based quality of anticoagulation, because we focused on the reduction in clinical events. This might be a bias because more frequent checks might be associated with fewer adverse events. In contrast, greater awareness to the need for regular INR checks could be considered as beneficial effect of the educational program. Thirdly, educational intervention was not restricted to hospital teams. The study was designed to reflect the French model of care in which private practitioners manage oral anticoagulation. However we demonstrated that the observed benefit was identical whatever the team was. Finally, although we developed, as other teams have done 25 a specific questionnaire to test our patients' knowledge, we were not able to demonstrate a statistical difference between the two groups in their knowledge, probably due to insufficient power of the study. In conclusion patient education using an educational program reduces VKA-related adverse events. 
APPENDIX 1 Details of the Education Session
Euduc'AVK is an education program designed for patients starting an oral anticoagulant treatment following a thromboembolic event.
The sessions of education last 30 to 45 minutes and are led by a pharmacist, a nurse or a doctor trained in therapeutic education. It takes the form of a tutorial that provides information whilst continually ensuring that the patient has understood. The contents are adapted to the needs of the patient, to his lifestyle, to his level of understanding of the illness and to his expectations. Teaching aids, visual supports and booklets, are used to help memorization of the information given orally. Drawings are used illustrate everyday situations.
The intervention consists of a one-to-one teaching session. The organizer introduces himself or herself and explains the aim of the meeting (to provide information and advice on anticoagulation treatment).
The first step consists of an educational diagnosis, including instruction on venous thromboembolic disease (simple diagrams are used to explain the theoretical notions of how a deep vein thrombus forms and how pulmonary embolism occurs), and exploration of the lifestyle of the patient (medical and paramedical environment) and his or her knowledge regarding the disease and the anticoagulant treatment. The information given by the teacher covers: the aims of anticoagulation, the benefits and the risks of the treatment, the surveillance by INR, drug interactions, diet, and what to do in particular situations (forgetting to take a dose, bleeding, medical treatment).
More detailed information is given to particular patients concerning contraception, travel or practicing sport.
Patients are shown the specific INR guidance and record booklet, shown how to complete it and leave the session with their personal copy. It contains information on venous thromboembolic disease and VKA treatment, a table for recording the results of INR tests with a color code according to the INR value and directions on corresponding action to be taken. The patient is requested to check the box corresponding to the INR value, to interpret the result according to the color and, if necessary, to contact his doctor to modify his anticoagulant doses. The aim is to directly involve the patient in the management of his treatment and encourage him to be an "aware" participant and to provide an example of good practices for the healthcare professionals to whom he will be requested to show his record book. 
